In order to improve the characteristics of a control valve, it is necessary to precisely predict the flow inside. Under these Circumstances a method using so called streamline coordinates has been developed. In this method, one of the coordinates is chosen along a streamline, and the other coordinate orthogonal with streamlines. A control valve has several restrictions, and the flows through them form flow jets with free discontinuous surfaces. The streamline-coordinate method can solve such a problem, since a free surface consists of streamlines. The important characteristics of a hydraulic control valve include the flow coefficient at its metering orifice and axial forces acting on the valve body. These characteristics can be numerically predicted using the streamline-coordinate method. Those characteristics of poppet and spool valves are analyzed by the streamline-coordinate method, and the usefulness of this method is shown.
INTRODUCTION
In hydraulic fluid power systems, control valves play an important role in obtaining better quality of control. One of the authors has developed a numerical method [1] , [2] named "streamline-coordinate method". In this method, a streamline is chosen as one coordinate and a curve orthogonal with streamlines as the other coordinate. By the use of this coordinate system, not only the flow with a discontinuous surface, but also the fl ow along a curved solid wall can be easily solved, because these surfaces consist of streamlines. In the present paper, the theory of this method is briefly explained, and some application examples are shown. Computational Model Poppet valves [3] , [4] are widely used in various types of hydraulic control valves as one of the most important elements. In this Section, the h ow inside conical and spherical poppet valves as shown in Figure  2 is analyzed numerically [5] using streamline coordinates. The computational models for two poppet valves are shown in Figure 2 . The flows in the valves are assumed to be steady, incompressible, axisymmetric and laminar, and the working fluid issues through the restriction into the atmosphere. Body forces acting on the fluid are neglected. The governing equations are Eqs.(3),(4), (6) and (8) . 
Computed Results
In computation, a finite difference method was adopted [5] . Computational Model Spool valves [6] are also widely used as well as (a) Re=100, h*=0.48L* (b) Re=100, h* =0.06L* 
CONCLUSIONS
The theory of streamline-coordinate method was briefly introduced in axisymmetric form. Poppet and spool valves, which are commonly used in hydraulic power systems, were taken as examples, and the flows inside them were solved using streamline -coordinate method. Regarding the poppet valve, three types of peppet were taken; conical poppet without and with a seat chamfer, and spherical poppet. The computed results of the pressure distribution on the conical poppet were in good agreement with experimental ones, and the effectiveness of this method was verified. The axial forces, which are related to the important function of poppet valve, were evaluated from the computed results. Regarding the spool valve, the flow was solved by streamline-coordinate method, assuming the fl ow is two-dimensional. In conclusion, the streamline-coordinate method proved to be particularly useful for solving the flow with free surfaces or with curved solid surfaces.
